Estrogen (diethylstilbesterol) was administered in vivo to chicks for various time periods. Chromatin was then prepared from oviduct nuclei and assayed for its capacity to support initiation of RNA chain synthesis in vitro in the presence of saturating levels of Escierichia coli RNA polymerase (RNA nucleotidyltransfera'se; nucleosidetriphosphate:RNA nucleotidyltransferase; EC 2.7.7.6). These same nuclei were also assayed by a [3H]estradiol exchange assay for their endogenous receptor content. The number of available initiation sites for RNA synthesis on chromatin was shown to correlate with the endogenous levels of nuelear' estrogen receptor. A decrease in the nuclear concentration of estrogen receptor molecules and the concentration of initiation sites for RNA synthesis. occurred during withdrawal of estrogen from previously stimulated chicks. Both parameters declined with a similar half-life. When estrogen was readministered to withdrawn chicks, the number of initiation sites increased 2-fold as early as 30 min and approached a maximal level (3-fold) by 1 hr. During this same period of restimulation with estrogen, the number of estrogen receptor molecules bound to nuclei increased to a maximum at 20 min and then declined at 1 hr to a steady-state level 2-fold higher than the withdrawn chicks. Simultaneous measurements of RNA chain length and RNA chain propagation rate' demonstrated that these parameters remained relatively constant throughout estrogen withdrawal as well as secondary stimulation. The temporal correlation between changes in the levels of nuclear-bound estrogen receptor and the number of RNA chain initiation sites on chromatin prepared from these same nuclei strongly suggested that the hormone receptor complexes act on-chromatin to mediate these changes in genetic transcriptional activity.
The steroid hormone-mediated induction of RNA and specific protein synthesis in target tissues has been well documented (1) (2) (3) (4) . In recent years, this laboratory has demonstrated that specific messenger RNAs are induced prior to accumulation of specific proteins during estrogen-mediated growth and differentiation of the chick oviduct (7, 9) . We have recently utilized a method which enabled us to measure the formation of an RNA chain initiation complex between RNA polymerase (RNA nucleotidyltransferase; nucleosidetriphosphate:RNA nucleotidyltransferase; EC 2.7.7.6) and chromatin (15) . Using this method, we have measured the number of initiation sites available to saturating concentrations of Escherichia coli RNA polymerase on chick oviduct chromatin isolated from different developmental stages of primary estrogen treatment. An increase in initiation sites for RNA synthesis correlated well with the increased growth and differentiation of the chick oviduct seen during primary estrogen stimulation (16) (17) (18) (19) (20) (21) .
In order to ascertain that the increase in available initiation sites for transcription on chromatin reflected the endogenous hormone state and correlated with the concentrations of nuclear estrogen-receptor, we have measured these parameters of oviduct function during estrogen withdrawal and acute (secondary) estrogen stimulation. In this communication, we report that the number of initiation sites on chromatin available for transcription by RNA polymerase increased acutely following estrogen stimulation and correlated closely with the level of nuclear-bound receptors as measured by a [3H]estradiol exchange assay. The results are consistent with the hypothesis that steroid hormone-receptor complexes exert their effect on RNA transcription through a direct interaction with the chromatin of target cell nuclei.
MATERIALS AND METHODS
All materials and reagents were identical to those described previously (15, 16) . Chick chromatin was prepared as previously described (22, 15) . Under these conditions, estrogen receptor tightly bound to chromatin remained intact.
(a) Measurement of RNA Initiation Sites on Chromatin. E.-coli RNA polymerase wa's purified according to the method of Bautz and Dunn (23) and stored at -20°in 0.01 M Tris-HCl, pH 7.9, 0.01 M MgCl2, 0.1 mM dithiothreitol, 0.1 mM EDTA, and 50% glycerol at a concentration of 10 mg/ ml. The' dilution buffer for E. coli RNA polymerase contained 1 mg/ml of bovine serum albumin. E. coli RNA polymerase was first incubated with 5 ,gg of chromatin at 370 for 15 min as described by Tsai et (15) .
(b) Determination of RNA Chain Length. RNA synthesized in vitro was isolated as previously described (15) . We have previously shown that the presence of heparin during the in vitro incubation was indispensable for preventing RNA chain degradation by chromatin-bound RNase (15, 24) . RNA (29) and are included in this study for purposes of comparison. This same hormone-exchange method could also be applied to chromatin to quantitate the number of bound estrogen receptor molecules.
RESULTS
Initiation of RNA synthesis on chromatin When chick oviduct chromatin from different hormonal states was preincubated with increasing amounts of E. colt RNA polymerase, enzyme saturation curves for chromatin were obtained (Fig. 1) . As the amount of RNA polymerase was increased, a transition point was observed which corresponded to the number of RNA polymerase molecules required to saturate the available high-affinity binding sites on chromatin. The coordinates of this transition point varied with chromatin preparations isolated from oviducts at various stages of hormone stimulation and was indicative of the number of sites available for initiation of transcription.
As shown in Fig. 1A , the amount of RNA synthesized at the transition point on chromatin isolated from chick oviducts stimulated with estrogen for 18 days was 3-fold higher than that noted on chromatin isolated from chick oviducts which were withdrawn from hormone (Fig. 1B) . However, when withdrawn chicks received a secondary stimulation of hormone for 2 hr, the amount of RNA synthesized calculated from the transition point was again 3-fold higher than the withdrawn control ( Fig. 1C) and had reached the level found on chromatin prepared from animals which were continued on chronic estrogen treatment (Fig. 1A) .
Since changes in the total amount of RNA synthesized in t M. Kalimi (29, 9) . As shown in Fig. 4 (29) .
For the purpose of comparison, the increase in the intracellular concentration of ovalbumin messenger RNA which occurred during secondary stimulation is also shown in Fig.  4 (30) .
A similar pattern of nuclear binding has been observed in the rat uterus by Clark et al. (34) , who have suggested that this pattern of nuclear binding was due to rapid accumulation of cytoplasmic hormone-receptor complexes by the nucleus that were in excess of the number of nuclear acceptor sites. Those hormone-receptor complexes that were not bound to acceptor sites were then lost because of degradation or inactivation while those complexes that were bound to acceptor sites were retained longer in the nucleus.
The present experimental evidence thus leads us to propose the following mechanism for hormone action. Hor 
